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Introduction
Situs ambiguus is a rare congenital condition whereby 
sufferers have abnormally positioned viscera (1,2). In such 
cases, it is dangerous to perform traditional diagnostic 
examinations, such as colonoscopy, thus anatomy is explored 
through invasive surgeries instead. By reconstructing 
a patient’s viscera three-dimensionally, it is possible to 
trace the physical origins of the patient’s symptoms, while 
eliminating the necessity for invasive surgery. We present a 
case of situs ambiguus with use of a combination of different 
approaches including 3D visualizations and patient-specific 
3D printing technique to assist clinical diagnosis and patient 
management. This case highlights the potential value of 
utilising the latest visualization tools in the diagnostic 
assessment of complicated pathologies.
Case study details
Clinical history and imaging examinations
A 21-year-old female patient has presented with a history 
of abdominal pain, cyclical diarrhoea and constipation and 
waking at night since childhood. In the early years, the 
abdominal symptoms were thought to be associated with 
poor bowel movement. Pharmacological management with 
spasmolytic agents has not been beneficial. With increasing 
pain as the patient reaches adolescent, a series of imaging 
diagnoses including barium meal imaging, computed 
tomography (CT), ultrasound and magnetic resonance 
imaging (MRI) examinations were performed with diagnosis 
of heterotaxy syndrome with levocardia and prominent 
stomach malrotations.
Barium meal examination showed that the stomach lies 
in the right upper quadrant of the abdomen and is markedly 
elongated with the pylorus lying at approximately the L3 
level, just to the right of midline (Figure 1A). There is 
evidence of malrotation with contrast exiting the pylorus 
and passing horizontally towards the left side of the 
abdomen (Figure 1B). The small bowel loops are located 
in the left side of the abdomen. Contrast medium is seen 
within the caecum which lies in the right lower quadrant, 
approximately two hours after the ingestion of barium. The 
small bowel loops are normal in appearance, demonstrating 
a normal faceted together configuration and normal 
mucosal appearance. In particular the terminal ileum is 
normal in appearance. No thick-walled, dilated or narrowed 
small bowel loops are seen. There is no evidence of mucosal 
ulceration or fistulous connection. MRI scan was performed 
to further confirm no features of inflammatory bowel 
disease.
CT and MRI examinations revealed that the spleen 
is presented as multiple splenunculi and are positioned 
within the right upper quadrant (Figure 2). The duodenum 
is positioned anteriorly as it passes to the left across the 
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pancreas, but does not go retroperitoneally at all (Figure 3). 
The liver is midline but predominantly to the right 
abdomen (Figures 2,3). The gallbladder lies slightly to 
the left. The inferior vena cava (IVC) lies to the left of 
the aorta (Figure 2). The superior mesenteric vein (SMV) 
originally lies to the left of the superior mesenteric artery 
(SMA) but then passes to lie posteriorly and eventually to 
the right. There is a vein that courses 180 degrees around 
the SMA but this is not considered a tight twist. There is 
no oedema of the mesentery. The bowel is abnormal in 
terms of position with large intestine located in the right 
abdomen pushing small intestine to the left side of the 
abdomen (Figure 4). There is no free fluid or bowel wall 
thickening. Most of the pancreas appears to lie on the right. 
The appendix appeared to lie in the midline just above the 
bladder. The liver, gallbladder, pancreas, adrenals, kidneys 
and uterus are of normal appearance. No evidence of 
volvulus or bowel wall thickening.
The patient underwent diagnostic laparotomy for 
correction of malrotations with a focus on the pylorus-
duodenal malrotation. Based on the risk-benefit ratio, 
the decision was not to reverse the malrotation and an 
incidental laparoscopic appendectomy was performed.
The healthcare team for the patient includes the 
general practitioner, gastroenterologists, gynaecologist, 
nutritionist, and physiotherapist. Due to the complexity of 
the gastrointestinal malrotations, the gastroenterologist and 
gynaecologists are reluctant to offer surgical management. 
The proposed strategy is the management of pain through 
physiotherapy and heat pad which is complimented with 
Figure 1 Barium meal examination showing stomach and duodenum position. (A) The stomach is entirely located in the right upper 
quadrant of the abdomen; (B) the duodenum and proximal part of jejunum are located in the left upper quadrant of the abdomen.
Figure 2 Three splenic segments located in the right abdomen. Contrast-enhanced CT (A) and 2D T2-weighted MRI images (B) shows 
iso-dense/iso-intense regions posterior to the stomach (short arrows) indicating the three separate splenic components. Long arrows refer to 
the inferior vena cava (IVC).
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pharmacological management using low dose amitriptyline 
and low dose oral contraceptive.
Image post-processing and segmentation for 3D 
visualization and 3D printing
Due to rarity of this case and complicated pathologies 
in the abdomen, CT and MRI images were used for 3D 
reconstructions and 3D printing of the abdominal organs. 
The segmentation of organs of interest was performed 
using Analyze 12.0 (AnalyzeDirect, Inc., Lexana, KS, USA), 
a commercial biomedical imaging software. By combining 
the semi-automatic and manual techniques provided in 
the Volume Edit window, a complete segmentation of the 
skeleton, kidneys, spleen, stomach, intestines, bladder, 
and uterus was obtained. The spleen, stomach, intestines, 
bladder, and uterus are abnormal in their positioning, and 
the skeleton and kidneys were segmented alongside them in 
order to provide a reference for further analysis (Figure 5). 
3D reconstructed volumetric images were shown in a video 
demonstrating views from different angles (Video 1). 
Once segmented, the organs were exported as Standard 
Tessellation Language (STL) files, which were sent to 3D 
printers for 3D printing. The STL files were imported into 
the Autodesk Mesh mixer (version 3.5.474, Autodesk Inc., 
San Rafael, CA, USA) for further edit. Deformities or free-
floating objects were removed and any holes were fixed 
during the editing process. The bladder, kidney, stomach, 
spleen and uterus were further smoothened and created 
as hollow with a wall thickness of 1.5 mm. The final STL 
files were printed with fused deposition modeling (FDM) 
printer using different thermoplastics. The skeleton model 
was printed with polylactic acid (PLA) on a Raise3D N2 
Plus from Raise3D (Irvine, CA, USA). On the other hand, 
the bladder, kidney, stomach, spleen, and uterus models 
were printed on an Ultimaker 2 Extended+ from Ultimaker 
BV (Geldermalsen, Netherlands) using thermoplastic 
polyurethane (TPU) with shore hardness of 95A (Figure 6). 
The skeleton model took ~247 h to complete with an 
estimated cost of USD 55. On the other hand, the estimated 
Figure 3 Contrast-enhanced CT images showing stomach and 
duodenum position. (A) 2D axial image shows that the stomach is 
located in the right abdomen posterior to the liver (long arrow) 
while duodenum (short arrow) extends anteriorly to the left 
abdomen; (B) coronal reformatted CT demonstrates the spatial 
relationship between stomach and duodenum (arrow).
Figure 4 Coronal T2-weighted MR image shows abdominal 
organs with small intestine primarily in the left side of the 
abdomen (short arrows), while large intestine located in the right 
side of the abdomen (long arrows).
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Figure 5 3D volume visualization of segmented data demonstrating these abdominal organs. (A) Frontal view; (B) posterior view. These 
organs were clearly segmented except for small and large intestine loops, which are discontinuous.
Figure 6 3D printed models of abdominal organs except for the small and large intestines. 3D printed skeleton (A), stomach (B), kidneys 
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printing time and cost for the bladder, kidney, stomach, 
spleen, and uterus were ~250 h and USD 75, respectively. 
After printing, individual printed organs were assembled 
together (Figure 7). Due to difficulty in segmenting small 
and large intestine loops on CT or MRI images, they 
could not be printed eventually due to discontinuity on 
the segmented volume images (Figure 5). Manual drawing 
of small and large intestines according to their imaging 
appearances on MRI images was added to the image of 3D 
printed models (Figure 8).
The segmented organs were assembled in a 3D software, 
Blender v 2.79b (Stitching Blender Foundation, The 
Netherlands), an open source software for further editing to 
form an entire body. This assembled model was used both to 
produce a stereoscopic video, and format suitable for display 
on a HoloTable. Short videos were generated to demonstrate 
the stereoscopic visual effect of Hologram (Video 2).
Discussion
This case study presents our experience of using a 
combination of 2D and 3D image visualizations in the 
diagnostic assessment of a rare disease, situs ambiguus. 
Figure 7 Demonstration of 3D printed models of abdominal organs after being assembled together. (A) Anterior view of the 3D printed 
models; (B) posterior view of the 3D printed models. Please note that the models were printed 1.5 times of the normal dimension of these 
organs.
Figure 8 3D printed models with manual drawing of the intestines 
added to the missing part of the abdominal organs.
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Although CT and MRI are commonly used imaging 
modalities in clinical practice with capability of producing 
3D visualisations, they are still limited to providing images 
on 2D views. The lack of realistic 3D information by CT or 
MRI is overcome with use of advanced technologies such as 
3D printing and Hologram, which are shown in this report. 
3D printed physical models based on medical imaging data 
are increasingly used in medicine (3-12), while Hologram 
represents another innovative visualization tool showing 
applications in medical domain (13-16).
The hologram, 3D model and stereoscopic video yield 
an unmatched understanding of the abnormal organ 
positioning in three dimensions. When viewing the 
anatomy through CT scans and MRI images, the viewer is 
forced to project a series of 2D images into one 3D object. 
This is difficult to do without adequate experience, and 
also time consuming. Moreover, each time the healthcare 
team reconsiders the patient, they must study the CT and 
MRI images over again to reacquaint themselves with the 
anatomy. With this method of reconstructing the viscera of 
interest in 3D, a spatial projection of the anatomy comes 
naturally, and each time it is revisited, the understanding is 
improved with reduction of viewing time.
By developing the 3D reconstructions in three different 
media, the ability to interpret the data is truly unparalleled. 
The stereoscopic video presents the data of interest 
concisely, and the hologram and model enable a viewer to 
focus on any part of the anatomy. The model is portable, 
making it a good tool to show to the various members of 
the patient’s healthcare team, as well as the patient and 
their family, and serves as an educational tool for medical 
students.
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